Abstract: Glimepiride is a potent sulfonylurea agent and is widely used for type 2 diabetic patients, however, the safety and efficacy of glimepiride in patients with fair diabetic control (HbA1c level: 6.5-7.9%) have not been investigated so far. Therefore, we investigated the safety and efficacy of glimepiride titration using self-monitoring blood glucose (SMBG) in the achievement of strict glycemic control in fairly controlled diabetic patients. Japanese type 2 diabetic patients who were diet-controlled or treated with alpha-glucosidase inhibitor or metformin, were randomly assigned into the SMBG group with titration of glimepiride using SMBG, or the conventional therapy group (control group) without SMBG. Glimepiride was initiated at a dose of 0.5 mg/day and plasma glucose, insulin, HbA1c, and glycoalbumin levels were evaluated for 6 months in both groups. The dose of glimepiride was titrated in the SMBG group according to the SMBG levels before breakfast and dinner. The mean dose of glimepiride at 6 months tended to be higher in the SMBG than the control group (1.0±0.8 vs 0.6±0.3mg/day), but not significant. At 6 months after glimepiride treatment, HbA1c levels were significantly lower than at baseline (SMBG: 7.2±0.5 vs 6.5±0.6%, n=23, P<0.01, control: 7.3±0.4 vs 6.5±0.7%, n=24, P<0.01), although they were similar at 6 months in the two groups. Only three hypoglycemic episodes were recorded among 50 subjects. We found no efficacy of glimepiride titration protocol in this study. However, glimepiride significantly improved glycemic control in fairly controlled diabetic patients without severe hypoglycemia.
INTRODUCTION
The early stage of type 2 diabetes is characterized by loss of early insulin secretion from pancreatic ß-cells, leading to postprandial hyperglycemia [1] . Postprandial hyperglycemia is an important factor in the progression of atherosclerosis [2, 3] . Therefore, some drugs such as -glucosidase inhibitor and/or glinide, which control postprandial hyperglycemia, have been used as the first choice of anti-diabetic agents. Indeed, the relative contribution of postprandial glucose excursions to glycosylated hemoglobin (HbA1c) level is important in well-controlled patients, but the contribution of fasting hyperglycemia increases gradually with worsening of diabetes [4] . Therefore, when considering treatment of type 2 diabetic patients with moderately elevated HbA1c level (>7%), high fasting blood glucose levels should be targeted also through careful management strategies.
Glimepiride is a potent sulfonylurea agent and is widely used for type 2 diabetic patients [5] . In addition to its effects on pancreatic ß-cell function, glimepiride also enhances tissue sensitivity to insulin [6, 7] and has a favorable safety and efficacy profile with once-daily dosing [8] . Although the *Address correspondence to this author at the Department of Medicine, Metabolism and Endocrinology, Juntendo University, School of Medicine, 2-1-1 Hongo, Bunkyo-ku, Tokyo 113-8421, Japan; Tel: 81-3-5802-1579; Fax: 81-3-3813-5996; E-mail: akana@juntendo.ac.jp safety and efficacy of glimepiride are well documented in poorly controlled diabetic patients with low insulin secretion [9, 10] , the safety and efficacy of glimepiride in patients with fair diabetic control (HbA1c level: 6.5-7.9%) have not been investigated so far. Furthermore, glimepiride treatment is well-known to have a low rate of hypoglycemia due to a weak stimulation of -cells, but, when using glimepiride for patients with fair diabetic control, hypoglycemia may occur before meals, accompanying body weight gain. Therefore, glimepiride titration using SMBG could be useful in the achievement of strict glycemic control through careful check of hypoglycemia. This study examined the safety and efficacy of glimepiride titration using SMBG in fairly controlled diabetic patients to achieve strict glycemic control.
MATERIALS AND METHODOLOGY

Study Subjects
Type 2 diabetic patients who visited Juntendo University Hospital, International Goodwill Hospital, Chiba Nishi Hospital, and Kasuga Clinic were enrolled in this prospective study. There are no biases in the laboratory analysis because measurements of plasma glucose and HbA1c levels are standardized in Japan. The inclusion criteria were men and women between the ages of 30 and 80 years with type 2 diabetes controlled by diet alone or treated with -glucosidase inhibitor or metformin, with HbA 1c values of 6.5% but <8% over several months before enrollment. The exclusion criteria included symptomatic coronary artery disease, cerebrovascular disease, renal failure, severe liver dysfunction, and heart failure. Individuals also were excluded if they had been treated with a thiazolidinedione, other sulfonylureas and insulin injections. The study protocol was approved by the ethics committee at Juntendo University Hospital, and written informed consent was obtained from each patient. Therefore, there were no ethical concerns in this study.
Titration of Glimepiride Using SMBG
The enrolled patients were divided at random into the SMBG group and the conventional (control) group by the envelope method. Patients in the SMBG group visited the hospital once a month and were instructed to measure blood glucose level at home using a glucose meter (Glucocard, Arkray, Inc, Japan) before breakfast and dinner for three days right before they visited the hospital. Glimepiride was initiated at a dose of 0.5 mg orally once daily in the morning and titrated to reach and maintain target glycemic goals as shown in Table 1 . The target SMBG level was below 120 mg/dL before breakfast and dinner. A glimepiride dose of 1.0 mg (SMBG level 130 mg/dL) or 0.5 mg (SMBG level 120-129 mg/dL) was added in the morning at 1, 2, 3, 4, and 5 months up to a maximum dose of 6.0 mg. If the SMBG level before breakfast did not reach the target level despite reaching the target level before dinner, a dose of 0.5 mg was added in the evening. During their monthly visit to the hospital, the patients also provided blood samples for measurement of HbA1c, glycoalbumin, postprandial blood glucose, and postprandial immunoreactive insulin (IRI). For the control group, each patient was treated with glimepiride at a dose which was empirically decided by each clinician without a specific protocol. Patients in this group did not undergo home monitoring of blood glucose with a glucose meter. Patients in both groups were followed by diabetes specialists. This study spanned over 6 months and the target HbA1c level was <6.5% at the endpoint. 
Evaluation of Safety
Safety outcome was judged from the appearance of adverse events and hypoglycemic episodes as well as the results of standard laboratory parameters. Clinically relevant hypoglycemia was defined as serum glucose of <60 mg/dL or episodes requiring oral carbohydrates. Severe hypoglycemia was defined as either serum blood glucose 40 mg/dL or episodes requiring intravenous glucose injection.
Statistical Analysis
Comparisons between two groups and between baseline and endpoint in each group were performed by the Mann-Whitney U and the Wilcoxon signed rank tests, respectively. Data are expressed as mean ± SD. A P value < 0.05 was considered statistically significant.
RESULTS
Clinical Characteristics
A total of 50 subjects were randomized into the SMBG group (n=24) and the control group (n=26). Of these subjects, 24 subjects in the SMBG group and 24 subjects in the control group completed the study. The baseline characteristics of both groups are summarized in Table 2 . Subjects in the two groups were matched for age, sex, duration of diabetes, body mass index (BMI), and the levels of HbA1c , glucose, and glycoalbumin. 
Glycemic Control in the SMBG and the Control Groups
As shown by Table 3 , titration of glimepiride was achieved in the SMBG group based on the titration method, and all patients needed the administration of glimepiride. The mean dose of glimepiride at 6 months for the SMBG group tended to be higher than that used by the control patients, but not significant (1.0 ± 0.8 vs 0.6 ± 0.3mg/day). Fig. (1) shows that glimepiride treatment was associated with significant falls in HbA1c (SMBG; 7.2 ± 0.5 vs 6.5 ± 0.6%, n=23, P<0.01, control; 7.3 ± 0.4 vs 6.5 ± 0.7%, n=24, P<0.01) and glycoalbumin levels (SMBG; 18.7 ± 3.0 vs 17.0 ± 2.8%, n=14, P<0.01, control; 19.6 ± 2.6 vs 17.2 ± 2.6%, n=21, P<0.01) in both groups, however, there were no significant differences in HbA1c and glycoalbumin levels at 6 months between the two groups. Fig. (2) also demonstrates that postprandial glucose levels in the control group were significantly lower after 6 months of glimepiride treatment compared with baseline (161.4 ± 43.8 vs 142.4 ± 37.6 mg/dL, n=22, P<0.05), and postprandial glucose levels in the SMBG group tended to fall, but not significant (152.7 ± 36.3 vs 133.3 ± 40.9 mg/dL, n=23, NS). Postprandial IRI levels in the control group were significantly higher at 6 months than at baseline (10.8±7.3 vs 26.7 ± 24.6 μU/mL, P<0.01, n=20), and postprandial IRI levels in the SMBG group showed a tendency to increase, but not significant (12.8 ± 9.1 vs 22.3 ± 20.1μU/mL, n=15, NS). Fig. (3) presents that there was no significant difference in BMI before and after glimepiride treatment, indicating that these glimepiride-induced changes were not due to changes in BMI.
Analysis of Glycemic Control Focused on a Dose of Glimepiride
As shown by Table 3 , because more than half of the patients in this study were treated with 0.5 mg/day of glimepiride, we reanalyzed glycemic control by dividing the entire group into two subgroups. The first is the 0.5 mg/day group (n=32), in which the initial dose of 0.5 mg/day was persistently used throughout the study, while the second consisted of patients who required glimepiride at >0.5 mg/day (n=15). Fig. (4) shows the serial changes in HbA1c levels from baseline to 6 months for the two subgroups. Significant reductions in HbA1c levels at the endpoint were noted in both the 0.5 mg group (7.1±0.4 vs 6.2±0.4%, n=32, P<0.01) and >0.5 mg group (7.5 ± 0.4 vs 7.0 ± 0.8%, n=15, P<0.01). Furthermore, the HbA1c level at 6 months was significantly lower in the 0.5 mg group than the >0.5 mg group (6.2 ± 0.4 vs 7.0 ± 0.8%, P<0.01). The mean IRI level was significantly higher after glimepiride treatment in the 0.5 mg group (13.2 ± 9.0 vs 29.9 ± 25.3 μU/ml, P<0.01, n=23), but not in the >0.5 mg group (8.4 ± 4.5 vs 14.6 ± 12.1 μU/ml, NS, n=11), and there were no significant differences in clinical backgrounds before glimepiride treatment between the two groups (estimated duration of diabetes: 5.5 ± 5.8 vs 5.9 ± 5.8 years, BMI: 22.9 ± 3.8 vs 23.8 ± 2.2 kg/m 2 , and age: 60.6 ± 7.9 vs 60.2 ± 11.9 years, the 0.5 mg group vs the >0.5 mg group, NS) Additionally, there were no significant differences in the percentage of the prior medications ( -GI: 21.9 vs 40.0%, metformin: 15.6 vs 13.3%, none 62.5 vs 46.7%, NS, the 0.5 mg group vs the >0.5 mg group).
Safety
The incidence of adverse events and episodes of hypoglycemia were evaluated in 50 subjects who were initially enrolled in this study. Hypoglycemic episodes occurred before meal in three patients (two patients in the control group and one in the SMBG group) who were treated with 0.5 mg/day glimepiride with an overall rate of hypoglycemia of 6.0%. Treatment with glimepiride was discontinued in two patients in the control group due to the hypoglycemic episode, though it was not severe. No other adverse events occurred throughout the study. 
DISCUSSION
In this study, we examined the safety and efficacy of glimepiride titration using SMBG in fairly controlled diabetic patients to achieve strict glycemic control. To our knowledge, this is the first report on the titration of glimepiride using SMBG in diabetic patients. The results showed a significant improvement of glycemic control with glimepiride treatment in both the SMBG and the control groups, although the glycemic control and the dose of glimepiride at the endpoint in the two groups were not different. For these reasons, it was considered that 1) intensive titration in this study was not needed because more than half of the patients were treated with 0.5 mg daily dose during the study period, and their glycemic control at the endpoint showed the target HbA1c levels below 6.5%, and 2) our titration protocol needed to aim at the much lower SMBG levels and if so, mean dose of glimepiride in the SMBG group might show a significant increase, presenting better glycemic control compared with the control group. As shown by Fig. (4) , the other patients treated with >0.5 mg glimepiride/day did not reach the target HbA1c levels in spite of the titration. In order to examine the ineffectiveness of titration, we examined the patient's background between the 0.5 mg and the > 0.5mg groups. In both groups, there were no significant differences in age, BMI, estimated diabetic duration, prior diabetic medication. Therefore, the precise reason for the ineffectiveness of our titration protocol remains unknown. However, considering the finding that IRI levels in the >0.5 mg group were not higher compared with the 0.5 mg group, it is possible that some patients are less sensitive to glimepiride stimulation. Additionally, it is very difficult to accurately measure diabetes duration in type 2 diabetes, and the other investigator has demonstrated that glucose-mediated insulin secretion inversely correlates with the duration of diabetes [11] . Therefore, we are unable to deny the possibility that inaccuracy of diabetes duration might affect, in part, the difference of sensitivity to glimepiride stimulation.
In the patients who were sensitive to glimepiride stimulation, glimepiride treatment resulted in increased postprandial levels of insulin first followed by reductions in postprandial glucose later, indicating that glimepiride lowered postprandial glucose by effectively stimulating pancreatic -cells as well as decreased fasting glucose concentrations. However, some unfavorable effects should be considered regarding such sulfonylurea treatment. First, body weight gain due to the stimulatory effects to -cells has been pointed out previously [12] . However, no body weight gain was noted during our study because glimepiride treatment has less likelihood of body weight gain with weak stimulatory effects on -cells [13, 14] . Second, hypoglycemia was reported previously [15] . In the present study of mild diabetics, only three patients developed mild hypoglycemic events before meals. However, this rate of hypoglycemia is not as high as that reported with glinides [16] , and the SMBG group had fewer hypoglycemic events than the control group, suggesting that glucose monitoring before meals by SMBG might contribute to the fewer hypoglycemic events. Therefore, SMBG may be useful for check of hypoglycemia avoiding the excessive dose of glimepiride. Third, secondary failure of sulfonylurea is an important issue at present. As reported by the ADOPT [12] and CHICAGO studies [17] , long-term treatment of sulfonylurea may cause -cell dysfunction, resulting in aggravation of glycemic control [18, 19] . In this study, glycemic control improved rapidly as shown by the results of glycoalbumin and HbA1c, which are comparable with those of the CHICAGO study. Although HbA1c levels begin to rise 4 months after glimepiride treatment in the CHICAGO study, deterioration of glycemic control was not found in our study. Overall mean dose of glimepiride at 6 months in this study was 0.84±0.66 mg/day, which was lower than that of CHICAGO study. Therefore, low-dose glimepiride may not add an extra burden to -cells, leading to stable glycemic control.
There have been many studies regarding the efficacy of SMBG in diabetic patients so far. However the results are controversial [20] . As this reason, uncontrolled bias and some problems in study design have been pointed out [21] . For example, the education level of the patients, the mode of treatment, duration of the trial, and study design (i.e. how the patients are taught to take action based on the SMBG results) could significantly influence the efficacy of SMBG. In the present study, main purpose of SMBG was titration of glimepiride, and patients were not instructed to have educational programs for intensification of diet and exercise therapies based on the results of SMBG. Therefore, we consider that beneficial effect of SMBG on glycemic control was weak.
CONCLUSION
We demonstrated in the present study that our glimepiride titration protocol based on SMBG was not useful in patients with mild diabetes (HbA1c <8%) over the 6-month study period. In other words, it is concluded that titration protocol in our study was equal to the empirical titration by diabetes specialists. Additionally, we presented that glimepiride improved significantly glycemic control in patients with mild diabetes without severe hypoglycemia.
